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1 Introduction  
Indoor air quality is very important for office 
workers’ exposure levels. There is a large body 
of literature showing that pollutants in indoor air 
have an effect on health (Sundell, 2008), with 
cardiovascular and respiratory disorders often 
linked to particle exposure. Other responses, 
such as damage to the central nervous system by 
ultrafine particles (UFP), have also been 
suggested. Both indoor and outdoor particle 
sources can affect indoor particle concentration 
levels, however these effects could be 
influenced by variety conditions and may be 
building-specific. 
This study investigated indoor and outdoor (I/O) 
particle concentration levels and diurnal 
variations, as well as the effect of indoor and 
outdoor particle sources on indoor air quality in 
a new four level office building, with an 
elevated busway in close proximity (about 10 m) 
to the air intake of the building’s ventilation 
system. Further to this, size dependent filtration 
efficiencies for two of the existing HVAC 
systems were also tested. 
 
2 Materials/Methods 
The building was located 5km north of the 
Brisbane CBD and approximately 50m from a 
busy road. A new elevated busway was located 
about 7m to the east of the building and the 
HVAC system air intakes were located on the 
eastern side of building. The HVAC system 
consisted of a centralised air condition system 
with its water chillers located at rooftop level, 
and air handling units (AHUs) located at 
individual plant rooms on each level. High 
efficiency panel filters were used for each AHU. 
The I/O measurements were conducted for 3.5 
weeks. The majority of outdoor measurements 
were conducted simultaneously in the plant 
rooms on levels 1 and 3 of the building, near the 
HVAC air intakes, and the indoor measurements 
were conducted in eight offices.  
Outdoor particle number (PN) concentration and 
size distribution in the size range 0.008-0.372 
µm were measured by two TSI scanning 
mobility particle sizer (SMPS, 3934), while total 
particle number concentration was measured by 
four TSI condensation particle counters (CPCs: 
3871, 3782, 3025) and particle mass (PM2.5) 
concentration were measured by three TSI 
Model 8520 DustTrak Aerosol Monitor 
(DustTrak).  
 
3 Results 
The results of overall 24 hr average indoor and 
outdoor PN and PM2.5 concentrations, measured 
on level 1 and level 3, respectively, are 
presented in Table 1.   
 
Table 1. Summary of the overall 24hours 
average I/O PN (×103 particle cm-3) and PM2.5 
(µg m-3) concentrations. 
 PN 
Indoor
 
Outdoor 
PM2.5 
Indoor 
 
Outdoor
Level 1     
Average 3.70 11.70 10.50 16.00 
S.D 0.42 2.75 0.71 5.57 
Level 3     
Average 4.83 17.17 9.50 21.27 
S.D 0.84 3.43 3.27 6.42
 
From Table 1, it can be seen that the overall 
average indoor PN and PM2.5 concentrations 
were considerably lower than those measured in 
the outdoor air for both levels. The median I/O 
ratios were about 0.3 and 0.5 for particle number 
and PM2.5 concentrations, respectively. There 
was a clear positive correlation between I/O 
particle concentration for both PN and particle 
mass when the ventilation system was turned on. 
This indicates that an increase in outdoor 
particle concentration resulted in a 
corresponding increase in indoor particle 
concentrations. Examples of daily I/O PN and 
PM2.5 concentrations are shown in Figure 1. It 
can be seen that variations in indoor particle 
concentration generally followed variations in 
outdoor particle concentration when the 
ventilation system was on (04:00-18:00), but not 
when the ventilation system was off (18:00-
04:00).  
 
 
 
Figure 1. Comparison of I/O PN (A) and PM2.5 
(B) concentrations in plant room 3 (outdoor air) 
and office W3166 (indoor air) on 7-8 August 
2009. 
 
There were also clear diurnal variations in 
indoor PN and PM2.5 concentrations. The effect 
of printer emission particles and cleaning 
activities on indoor PN concentration was also 
found in this study. An example is shown in 
Figure 2, while the average size dependant 
filtration efficiency of the HVAC systems in 
plant rooms on level 1 and 3 are presented in 
Figure 3. 
From the Figure 3 it can be seen that the 
filtration efficiency is particle size dependant. 
The lowest filtration efficiency was observed for 
particles approximately 60 – 100 nm in size. The 
overall average filtration efficiency of the 
HVAC systems on level 1 and 3 were 59.5 ± 
12.6% and 45.7 ± 11.0% for particles in the size 
range 8 – 300 nm, and 51.0 ± 8.3% and 44.4 ± 
8.0% for particles in the size range 6 – 3000 nm, 
respectively.  
 
 
Figure 2. Time series of indoor PN and PM2.5 
concentrations in office RW1167 (partial open 
office with a printer) between 13-14 August 
2009 with indoor activities marked on the graph. 
 
 
Figure 3. Average size dependant filtration 
efficiency of the HVAC systems in plant room 1 
and 3 for the particle size range 8 – 300 nm. 
 
4 Conclusions 
The indoor average 24 hr particle concentration 
levels varied between different locations within 
in the building, however in general, indoor 
levels were lower than outdoor levels for both 
particle number and particle mass 
concentrations. Apart from outdoor particle 
sources (such as buses, traffic and construction 
activities), indoor particle sources (such as 
cooking, printing and vacuum cleaning) also had 
a clear affect on indoor particle concentration 
levels in this building. The filtration efficiency 
of the HVAC system was less than 70%, 
especially for the particles with the size range 
between 45nm to 145nm. 
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